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SUMMARY 
During cryogenic  r e sea rch  a t  NASA's  Lewis Research Center ,  a b o l t l e s s  
a t tachment  and s e a l i n g  method was conceived and used. The method f e a t u r e s  
configured m a l e  and female members w i t h  a t h i r d  material i n  t h e  r e s u l t i n g  
c a v i t y .  Under t h e  NASA Technology U t i l i z a t i o n  Program, t h i s  f a s t e n i n g  method 
has  been s t u d i e d  f o r  p o t e n t i a l  use  i n  i n d u s t r i a l  p roduc t s  and p rocesses .  The 
s tudy  h a s  revea led  t h a t  t h e  b a s i c  concept can provide  t h e  b a s i s  f o r  a f ami ly  of 
f a s t e n i n g  and s e a l i n g  methods. Representa t ive  areas of des ign  use  are presented  
and i n v e s t i g a t o r y  a c t i v i t y  suggested.  
THE BASIC CONCEPT 
A t  t h e  NASA Lewis Research C e n t e r ,  a novel a t tachment  and s e a l i n g  method 
was conceived du r ing  cryogenic  r e sea rch  d i r e c t e d  toward e v a l u a t i o n  of t h e  stress 
d i s t r i b u t i o n  n e a r  ab rup t  changes i n  w a l l  t h i ckness  of p r e s s u r e  vessels. The 
at tachment  was used t o  f a s t e n  and seal p re s su re  v e s s e l s  a t  t h e  seam between a 
c y l i n d e r  and a head. The i n i t i a l  des ign  was f o r  h igh-pressure  use  over  a range 
of tempera tures  from 70° F t o  -452O F. 
The basic concept  i s  shown i n  f i g u r e  1. I t  f e a t u r e s  an annu la r  r e e n t r a n t  
c a v i t y  which i s  f i l l e d  t o  an  a p p r o p r i a t e  l e v e l  w i t h  a low-melting-point a l l o y  
composed of bismuth,  l e a d ,  t i n ,  and antimony, This a l l o y  was s e l e c t e d  because 
i t  expands on coo l ing  t o  perform both t h e  holding and s e a l i n g  f u n c t i o n s .  S ign i f -  
i c a n t  f e a t u r e s  of t h i s  j o i n t  c o n s t r u c t i o n  are: 
(1) ease of assembly and disassembly by simply h e a t i n g  t h e  j o i n t  
above t h e  me l t ing  p o i n t  of t h e  a l l o y  which does no t  form a 
wet ted  bond 
(2 )  r e u s a b i l i t y  of t h e  i n d i v i d u a l  components 
( 3 )  e f f e c t i v e n e s s  of t h e  p r e s s u r e  seal 
(4)  minimum induced stress i n  t h e  c y l i n d e r  component 
(5) t h e  a b i l i t y  t o  connect d i s s i m i l a r  materials 
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Figure 1.- -Original  des ign  as used by NASA. 
I n  the  r e sea rch  program, many a p p l i c a t i o n s  of t h e  p r i n c i p l e  have been used 
and t e s t e d .  The seal  has  proved q u i t e  r e l i a b l e  i n  c ryogenic  a p p l i c a t i o n s  a t  
p re s su res  up t o  2000 p s i .  
APPLICATIONS 
The b o l t l e s s  a t tachment  and p r e s s u r e  seal concept has  proved t o  be of such 
g r e a t  value i n  r e sea rch  a t  L e w i s  t h a t  i t  appears  t h a t  t h e  concept  and va r i a -  
t i o n s  based on i t  could have major va lue  t o  t h e  i n d u s t r i a l  community as w e l l .  
A somewhat s imilar  gene ra l  method of j o i n i n g  metals h a s  been used i n d u s t r i a l l y  
f o r  such a p p l i c a t i o n s  as mounting of ru l e -d i e  b l ades  i n  t h e  boxboard i n d u s t r y  
and t h e  completion of j o i n t s  i n  convent iona l  sewer p ipe .  With t h i s  known, 
t h e  most obvious a p p l i c a t i o n  of t h e  new concept i s  i n  t h e  manufacture 
and t e s t i n g  of t anks .  L e s s  obvious,  however, i s  expansion of t h e  concept  t o  
ach ieve  a broad fami ly  of p o s i t i o n i n g ,  j o i n i n g ,  and s e a l i n g  a p p l i c a t i o n s  based 
on t h i s  "formed c a v i t y  and t h i r d  material" concept .  
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The i n i t i a l  concept wi th  t h e  low-melting-temperature material i n  t h e  
boundary area l i m i t s  a p p l i c a t i o n  t o  cryogenic and room temperatures  uses ,  I f  
t h e  p r i n c i p l e  i s  expanded t o  inc lude  usable  a l l o y s  which have h ighe r  mel t ing 
temperatures  o r  t o  t h e  use of nonmetals l i k e  epoxy r e s i n s  or l i q u i d  e l a s t o -  
merics  l i k e  polyure thane ,  t h e  a p p l i c a t i o n  p o s s i b i l i t i e s  become extremely broad. 
I t  i s  wi th  t h e s e  p o s s i b i l i t i e s  i n  mind t h a t  the  fo l lowing  i l l u s t r a t i v e  i d e a s  
f o r  use of t h e  f a s t e n i n g  method are presented.  The o r d e r  of p r e s e n t a t i o n  of 
t h e s e  examples of types  of a p p l i c a t i o n  has  no s i g n i f i c a n c e .  
P res su re  Vessel Construct ion 
P res su re  v e s s e l s  for handl ing gases  and l i q u i d s  a t  cryogenic  temperatures  
are a cont inuing  problem t o  i n d u s t r y .  In  the  concept i l l u s t r a t e d  by f i g u r e  2 ,  
t h e  b o l t l e s s  a t tachment  i s  used t o  e f f e c t  f a b r i c a t i o n  of a v e s s e l  which might 
have improved r e l i a b i l i t y  i n  contai-nment and increased  ease of assembly. The 
a b i l i t y  t o  des ign  f o r  minimum induced stress might a l s o  reduce manufacturing 
c o s t s  from a materials s t andpo in t .  
End c l o s u r e  
Cy1 i n d e r  
Low-melting a l l o y  
F igure  2.- -Pressure ves se l .  
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Concentr ic  P ipe  
Figure 3 is  a schematic drawing of a concen t r i c  or j acke ted  p i p e  sys t em 
t h a t  would al low t h e  jo in ing  of p i p e s  i n  l o c a t i o n s  where i t  might be d i f f i c u l t  
or impossible  t o  g l u e ,  b raze ,  s o l d e r ,  or weld .  In  t h i s  system, t h e  j o i n t s  
could be heated without  the  n e c e s s i t y  of a c c e s s  t o  t h e  i n n e r  j o i n t .  
m a t e r i a l s  l i k e  t h e  epoxies  were used i n  t h e  j o i n t ,  t h e  n e c e s s i t y  f o r  heat 
would be e l imina ted .  
If 
Pipes  
Low - m e 1  t i  ng a1 1 oy 
Figure 3. --Concentric p i p e  assembly. 
S t r u c t u r a l  Seam 
In both t h e  bu i ld ing  and c o n s t r u c t i o n  areas, t h e  j o i n i n g  of bo th  s i m i l a r  
and d i s s i m i l a r  materials i s  a major problem. There i s  a need f o r  convenient  
methods of forming seams which are both  s t r u c t u r a l l y  sound and vapor - t igh t .  
This i s  p a r t i c u l a r l y  t r u e  i n  t h e  modern cu r t a in -wa l l  and window-wall cons t ruc-  
t i o n  used on h i g h - r i s e  b u i l d i n g s .  I t  i s  a l s o  impor tan t  i n  t h e  c o n s t r u c t i o n  of 
t r u c k  t r a i l e r s ,  house t r a i l e r s ,  and r a i l r o a d  c a r s .  
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Figure  4 i s  a schematic drawing of two ways i n  which t h i s  f a s t e n i n g  
method could be used i n  cons t ruc t ion .  Jo in t  A i s  configured f o r  completion of 
a seam between sheets of r e l a t i v e l y  t h i n  s t r u c t u r a l  material. The mat r ix  ma-  
t e r ia l ,  probably a thermose t t ing  p l a s t i c ,  would be i n j e c t e d  a f t e r  l o c a t i o n  of 
t h e  p a r t s  r e l a t i v e  t o  each o t h e r  and would form both a permanent f a s t e n i n g  and 
a vapor seal. J o i n t  B has  a c o n f i g u r a t i o n  more c l o s e l y  r e l a t e d  t o  t h a t  shown 
i n  t h e  o r i g i n a l  concept .  I t  would be used f o r  f a s t e n i n g  r e l a t i v e l y  heavy mem- 
b e r s  and could be considered f o r  use i n  load-bearing s t r u c t u r e s .  
A .  
B. 
Figure 4 .  --Seams. 
Encapsulat ion 
In  g e n e r a l ,  when materials are t o  be evaluated i n  i r r a d i a t i o n  experiments ,  
t h e  materials are encapsula ted  i n  o rde r  t o  c o n t r o l  environment and t o  e l i m i n a t e  
hazards  a s s o c i a t e d  wi th  uncont ro l led  p a r t i c u l a t e  and gaseous material. Both 
encapsu la t ion  and t h e  opening of capsu le s  a f t e r  i r r a d i a t i o n  are expensive and 
time-consuming t a s k s .  
F igure  5 i s  a ske tch  showing how t h e  f a s t en ing  and s e a l i n g  concept  could 
be adapted for use i n  a capsule .  The capsule  could t a k e  t h e  form of a cup 
wi th  a female groove i n  t h e  l i p .  The groove would be f i l l e d  t o  an a p p r o p r i a t e  
l e v e l  w i th  m a t r i x  material which could be heated by i n d u c t i o n  or o t h e r  appro- 
p r i a t e  means wh i l e  t h e  l i d  i s  placed i n  pos i t i on .  Subsequent t o  i r r a d i a t i o n  
and by remote handl ing  a t  t h e  ho t  c e l l ,  t he  capsu le  could be brought t o  an 
e l e v a t e d  tempera ture  which would permit  s i m p l e  l i f t i n g  and removal of t h e  l i d .  
This  concept  would be a p p r o p r i a t e  f o r  use  i n  cold-wall  capsu le s .  
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Figure 5.--Encapsulation method. 
Work Holders 
U s e  of the  b a s i c  concept a t  L e w i s  w a s  d i r e c t e d  toward holding a t h i n -  
walled c y l i n d e r  w i t h  minimal induced ex t r aneous  stresses. This use  sugges t s  
an area of f u r t h e r  a p p l i c a t i o n  i n  t h e  metal-working i n d u s t r i e s .  In  many c a s e s ,  
i t  i s  important t h a t  a p a r t  be turned or ground t o  s m a l l  w a l l  t h i c k n e s s e s  w i t h  
no e r r o r  induced by clamping f o r c e s ,  v i b r a t i o n ,  or thermal e f f e c t s .  F igu re  6 
shows the concept u t i l i z e d  as a holding f i x t u r e  f o r  p r e c i s i o n  c y l i n d r i c a l  
g r i n d i n g .  Two such dev ices  could be used f o r  g r i n d i n g  between c e n t e r s .  
Low-melting a l l o y  
Figure 6. --Chucking method for p r e c i s i o n  work. 
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A 1  ignment Method 
Figure  7 i s  a schematic drawing of a f a s t e n e r  designed t o  permit l e v e l i n g  
or alignment of j o i n t s .  The conf igur ing  of t h i s  f a s t e n e r  i n  uniform convolu- 
t i o n s  pe rmi t s  t h e  i n s e r t i o n  of t h e  p i n ,  l e g ,  dowel, or o t h e r  member t o  any 
d e s i r e d  depth  during the las t  ope ra t ion  of assembly of a product .  One m e r i t  
of t h i s  a p p l i c a t i o n  of the  mat r ix  material idea  i s  t h a t  t h e  system can be f r e e d  
and ad jus tments  i n  t h e  amount of p r o j e c t i o n  can be made convenient ly .  A 
d i f f e r e n t  des ign  would be requi red  i f  such a j o i n t  were s u b j e c t  t o  t ens ion  or 
t o r s i  on. 
Low-me1 t i ng  a l l o y  
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Figure  7.--Alignment mechanism. 
P l a s t i c  Pipe Union 
I n  many a p p l i c a t i o n s  of t h e  b a s i c  des ign  c o n f i g u r a t i o n ,  t h e  i n t r o d u c t i o n  
of an i n t e r m e d i a t e  ma t r ix  material i s  q u i t e  d i f f i c u l t ,  i f  no t  impossible .  
F igure  8 shows a p ipe  j o i n t  be fo re  and a f t e r  i t  i s  made”. I n  t h i s  des ign ,  
t h e  the rmop las t i c  p i p e  i s  hea ted  by the m e t a l l i c  r e c e i v e r ,  and l o n g i t u d i n a l  
f o r c e  i s  a p p l i e d  u n t i l  both c a v i t i e s , f l o w  f u l l  of p i p e  material. 
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From t h i s  conceptua l  drawing one can v i s u a l i z e  a second g e n e r i c  fami ly  of 
f a s t e n e r s  i n  which t h e  male member i s  caused t o  flow by h e a t ,  chemical a c t i o n ,  
or mechanical working t o  form f a s t e n i n g  and s e a l i n g  between two d i s s i m i l a r  ma-  
ter ia l  s. 
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Figure  8.--Pipe connect ion.  
CONCLUSIONS 
The seven a p p l i c a t i o n s  set f o r t h  i n  t h i s  r e p o r t  r e p r e s e n t  areas where t h e  
technique might r e s u l t  i n  immediate des ign  improvement. They show t h a t  t h i s  
f a s t e n i n g  concept may s e r v e  as t h e  b a s i s  f o r  new g e n e r i c  f a s t e n i n g  systems 
and t h a t  o t h e r  embodiments f o r  o t h e r  u ses  may be conce ivable .  I t  w a s  f u r t h e r  
concluded t h a t  engineer ing  e f f o r t  on any of t h e s e  and many o t h e r  p o s s i b l e  a p p l i -  
c a t i o n s  might r e s u l t  i n  new commercial p roduc t s  or processes  based on t h i s  
NASA-developed technology. 
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